Introduction
The role played by cumulus cells on the fertilizability of mammalian oocytes has been extensively studied by compar¬ ing the fertilization and embryonic development of preovula¬ tory oocytes matured in vitro with or without cumulus cells. As reported for sheep (Staigmiller and Moor, 1984) , cows (Leibfried-Rutledge et al, 1987) , pigs (Mattioli et al, 1988a, b) and rats (Vanderhyden and Armstrong, 1989) , only oocytes connected to cumulus cells throughout meiotic progression could be fertilized in vitro with a frequency comparable to oocytes matured in vivo. In these species, the low fertilization rate associated with cumulus-free oocytes has been frequently related to developmental abnormalities, such as delayed or absent male pronucleus formation (Niwa et al, 1976; Thibault, 1977; Leibfried and Bavister, 1983;  Leibfried-Rutledge et al, 1987) or, when pronucleus development has occurred, to a considerable reduction in embryonic development (Niwa et al., 1976; Moor and Trounson, 1977; Thibault, 1977; Shalgi et al, 1979; Leibfried and Bavister, 1983;  Leibfried-Rutledge el al, 1987; Vanderhyden and Armstrong, 1989) . In mice, even when cumulus-free oocytes matured in vitro exhibited low fertiliz¬ ation rates, their capacity for embryonic development was similar to that of oocytes matured within the cumulus mass (Schroeder and Eppig, 1984 Period of insemination (min) Fig. 3 (Fig. 4) Period of insemination (min) Fig. 4 (Usui and Yanagimachi, 1976; Borsuk, 1991) requires cytoplasmic maturation of the oocyte (Thibault, 1977; Yanagimachi, 1994) , which results from the occurrence of stage-specific and coordinated responses, such as the maturation-associated changes in protein synthesis (Schultz and Wassarman, 1977; Eppig et al, 1994; McConnell et al, 1995) and the acquisition of the ability to release cortical granules (Ducibella et al, 1990 (Ducibella et al, , 1993 (Cross and Brinster, 1970; present results) and to the maintenance of the penetrability of the zona pellucida (Schroeder and Eppig, 1984) . Moreover, our results confirm that oocytes competent of completing nuclear maturation, but deficient in some critical factors essential for cytoplasmic maturation, fail to undergo normal fertilization (Kubiak, 1989 (Tombes et al, 1992) , an event considered an essential prerequisite for normal fertilization (Carroll et al, 1994) . At fertilization, penetration by the spermatozoon induces the calcium transients necessary to trigger all the events of oocyte activation (Cuthbertson et al, 1981; Cuthbertson and Cobbold, 1985; Homa et al, 1993; Carroll et al, 1994) . Thus, it is possible that the oocytes that are incapable of forming pronuclei may be characterized by defects in cytoplasmic maturation that prevent the complete develop¬ ment of the calcium stores or the inactivation of maturationpromoting factor (MPF) activity, necessary for the formation of female and male pronuclei (Meyerhof and Masui, 1977; Lorca et al, 1993; Yanagimachi, 1994 
